Killer Ig-like receptors (KIRs) are implicated in protection from multiple pathogens including HIV, human papillomavirus, and malaria. Nonhuman primates such as rhesus and cynomolgus macaques are important models for the study of human pathogens; however, KIR genetics in nonhuman primates are poorly defined. Understanding KIR allelic diversity and genomic organization are essential prerequisites to evaluate NK cell responses in macaques. In this study, we present a complete characterization of KIRs in Mauritian cynomolgus macaques, a geographically isolated population. In this study we demonstrate that only eight KIR haplotypes are present in the entire population and characterize the gene content of each. Using the simplified genetics of this population, we construct a model for macaque KIR genomic organization, defining four putative KIR3DL loci, one KIR3DH, two KIR2DL, and one KIR1D. We further demonstrate that loci defined in Mauritian cynomolgus macaques can be applied to rhesus macaques. The findings from this study fundamentally advance our understanding of KIR genetics in nonhuman primates and establish a foundation from which to study KIR signaling in disease pathogenesis.
K
iller Ig-like receptors (KIRs) 3 are a multigeneic family of cell surface receptors expressed on NK cells and a subset of T lymphocytes (1) (2) (3) . KIR signaling is an important component in the recognition of foreign cells and the antiviral response (4) . KIRs can mediate either activating or inhibitory signals (5) . The primary known KIR ligands are MHC class I molecules; however, ligands have not been identified for all KIRs (6, 7) . Unlike the highly specific TCR-HLA interactions, each KIR generally interacts with a broad subset of HLA class I alleles (8, 9) . When an NK cell encounters a normal host cell, inhibitory KIRs interact with self-HLA Ag on the target and the NK cell is inhibited (10) . However, when HLA class I expression is altered, such as when HLA class I is down-regulated by a viral pathogen, inhibition does not occur and the target is lysed (11) . The role of activating KIRs is less characterized and in most cases their ligands are unknown.
KIR genotypes are extremely polymorphic and have a major impact on NK activity (12, 13) . The primary mechanism by which KIR polymorphism influences NK function is through variable KIR gene content (14) . A total of 16 human KIR genes have been identified (3) . Each chromosome encodes a subset of these genes, with the number and identity of KIRs varying between haplotypes (15, 16) . To date, more than 37 human KIR haplotypes with distinct gene content have been described (16, 17) . In general, the protein product of each KIR gene binds a unique set of ligands (18) . Therefore, the identity of the KIR genes encoded in the genome dictates the potential KIR-HLA interactions that can occur. The HLA class I genotype of the individual also influences NK activity by controlling the set of ligands available for KIR interaction (19) . It should be noted that although alleles of each KIR gene appear to have broadly similar specificity for HLA ligands, KIR allelic variability can result in slightly altered binding affinities, creating functional polymorphism (20) . KIRs are also regulated at the level of gene expression, with the expression level of each KIR heavily influenced by the other KIR and HLA alleles encoded in an individual's genome (19, 21, 22) .
Associations have been identified between KIR/HLA genotype and protection from infectious diseases including HIV, malaria, hepatitis B virus, and human papillomavirus (23) (24) (25) (26) (27) . Although there have been significant advances in our understanding of KIR signaling, the mechanisms mediating control are elusive. This mystery is at least partially due to the complexity of KIR interactions. The entire KIR and HLA class I genotype of an individual influences NK activity, weaving a complex tapestry of interactions that are difficult to decipher (5, 28) . This response is unlike the T cell, for which meaningful results can be obtained by studying individuals that share a single HLA class I allele (29, 30) . Untangling the role of KIRs in NK activity requires controlling both KIR and HLA genetics; however, individuals identical at both HLA and KIR loci are exceptionally rare.
Macaques are important models for the study of many human pathogens including HIV (31) . They offer advantages including access to samples from precisely defined time points following infection and the ability to control the dose and route of infection. They have provided important insights into the role of MHC genetics in HIV pathogenesis (32) (33) (34) . For the study of KIR function, a significant advantage of macaques is the ability to selectively infect specific animals based on genotype. However, KIR genetics are poorly characterized in macaques. The sequence of one rhesus macaque KIR haplotype and a limited number of macaque KIR cDNA sequences have been published (35) (36) (37) . These studies demonstrate an overall conservation of structure between human and macaque KIRs, but a distinct genomic organization (35) . To conduct KIR functional studies, several basic questions about KIR biology need to be addressed. Foremost, we need a more comprehensive understanding of KIR allelic diversity and genomic organization. This understanding requires the description of the gene content of additional KIR haplotypes and cannot be accomplished using cDNA sequences alone.
In this study we used a novel combination of microsatellite analysis and cDNA sequencing to characterize the gene content from eight macaque KIR haplotypes. We performed these studies in Mauritian cynomolgus macaques (MCM) from the Indian Ocean island of Mauritius, a geographically isolated population with limited genetic diversity. Through comparison of the gene content of these haplotypes, we defined a model for MCM KIR genomic organization. The findings from this study serve as a framework to understand KIR genetics in macaques and provide a foundation for functional studies investigating the role of KIR genetics in infectious disease pathogenesis.
Materials and Methods

Animal selection
Blood samples from feral MCM were purchased directly for genetic analyses (Charles River Breeding Facilities). This cohort has been used previously for MHC studies (38) . Genomic DNA and total RNA was purified from whole blood using the MagNA LC DNA and RNA isolation kits (Roche) according to the manufacturer's instructions. For microsatellite analysis, samples from all 274 animals were used. For cDNA and gDNA cloning, animals homozygous throughout the KIR region were selected, with a minimum of three per haplotype. In the case of K6 and K8, homozygotes were not available, so heterozygotes were used.
Microsatellite marker design and analysis
Short tandem repeats were identified using eTandem software (39) . Microsatellite primers flanking these repeats were designed with the assistance of Primer3Plus (40) . Primer sequences are listed in supplemental Table I . 4 We performed multiplexed PCR using the following touchdown PCR conditions: 98°C for 30 s; 3 cycles of 98°C for 5 s, 64°C for 5 s, 72°C for 20 s; 3 cycles of 98°C for 5 s, 62°C for 5 s, 72°C for 20 s; 3 cycles of 98°C for 5 s, 60°C for 5 s, 72°C for 20 s; 6 cycles of 98°C for 5 s, 58°C for 5 s, 72°C for 20 s; 25 cycles of 98°C for 5 s, 50°C for 5 s, 72°C for 20 s; and a final extension at 72°C for 5 min. Fluorescently labeled PCR products were resolved by using capillary gel electrophoresis on an ABI 3730xl (Applied Biosystems). Fragment analysis was performed using DAx software (Van Mierlo).
KIR cDNA cloning and sequencing
First strand cDNA was generated using the Superscript III RT kit (Invitrogen) according to the manufacturer's instructions. KIR cDNAs were amplified by PCR using Phusion high-fidelity polymerase (New England Biolabs) and the following PCR primers: 5Ј-CAGCACCATGTCGCTCAT-3Ј and 5Ј-GGGGTCAAGTGAAGTGGAGA-3Ј. In all cases, PCR conditions were as follows: 98°C for 30 s; 28 cycles of 98°C for 5 s, 63°C for 1 s, 72°C for 20 s; and a final extension of 72°C for 5 min. Products were cloned into pCR-Blunt II TOPO (Invitrogen) and bidirectionally sequenced using DYEnamic ET Terminator cycle sequencing kit (GE Healthcare). In addition to vector-specific primers, internal primers 5Ј-AACCTTCCCTC CTGGCC-3Ј and 5Ј-TTGGTTCAGTGGGTGAAGGCCAA-3Ј were used. Sequences were analyzed using CodonCode Aligner software. To minimize artifacts inherent in the PCR process, a sequence was only considered to be a novel allele when three or more identical cDNA clones were observed.
KIR genomic DNA cloning and sequencing
Amplicons containing intron 4 along with portions of the flanking exons were generated using the following primers: 5Ј-GTCCCCTGGTGAAAT CAGGA-3Ј and 5Ј-AGGTCACGTTCTCTCCTGC-3Ј. In addition to vector-specific primers, the following internal primers were used for sequencing: 5Ј-GAGAGACTGAGAGGCAGAG-3Ј, 5Ј-TCTTCCTTTTTCTTTA ATTCTGAG-3Ј, 5Ј-TCTATGACCTAATGCTCTCT-3Ј, and 5Ј-TGTC ACAGCTCCCCTCAC-3Ј. PCR conditions, cloning, sequencing and analysis were otherwise identical to the methods described for KIR cDNA cloning.
Phylogenetic analysis
Sequences were aligned by the CLUSTAL W program (41) . Phylogenetic trees were constructed on the basis of the JTT amino acid sequence distance (42) by the neighbor-joining method (43) . The reliability of clustering patterns in phylogenetic trees was assessed by bootstrapping (44) ; 1000 bootstrap samples were used.
Results
Microsatellite design and analysis
To characterize the KIR region in macaques, we used microsatellite analysis. This technique takes advantage of short tandem repeats interspersed at regular intervals throughout the region of interest. These repeats are inherently unstable in length and evolve quickly. Primers are designed to flank each repeat, and the size of the resulting PCR product is determined. Because microsatellite repeats are physically linked to the surrounding genes, microsatellite allele sizes can be used to infer genotype. The closer the microsatellite is to the gene of interest, the higher the resolution of genotyping.
To design the microsatellite panel, we compiled all published macaque KIR genomic sequence. Although no KIR genomic data has been published from cynomolgus macaques, one complete genomic rhesus macaque KIR haplotype has been sequenced (accession no. BX842591) (35) . In this haplotype, the KIR region spans 86 kb and contains five KIR genes, organized into telomeric and centromeric clusters separated by a 21-kb unique region. Using this genomic sequence, we identified 11 microsatellite markers distributed throughout the KIR region ( Fig. 1) . Five of these markers are located within KIR introns, primarily within intron 4. Because these repeats are located within genes themselves, they are tightly linked to the surrounding gene and have the potential to provide very high resolution genotyping. In addition to these microsatellites, six other markers were identified within the intergenic regions or the unique region between the centromeric and telomeric ends.
A challenging characteristic of the KIR region is that the number and identity of KIR genes varies between haplotypes. Therefore, although the single sequenced haplotype can serve as a framework, it is unlikely to contain all macaque KIR genes. We also identified two rhesus macaque genomic sequence contigs containing KIR genes that have been deposited as part of the rhesus genome project (accession nos. NW_001108469 and NW_001108471). Each genomic contig contains an intact KIR3DL gene that is divergent in sequence from either of the KIR3DL genes present on the intact haplotype. Presumably these represent distinct macaque KIR genes that are not present on the haplotype that has been sequenced. These sequences were used to design additional microsatellite primer pairs located within KIR introns. We also identified a primer pair, 374710-20138, which amplifies the microsatellite located in intron 4 from all sequenced KIR3DL loci except KIR3DL1. The position of these markers and genes relative to those present on the intact KIR haplotype cannot be determined from sequence alone.
KIR haplotypes in MCM
Cynomolgus macaques are believed to have been introduced to the island of Mauritius nearly 500 years ago (45) . Although the population currently is greater than 25,000, evidence suggests it arose from a small founder population with as few as four animals (38, 46) . Because of this limited genetic diversity, MCM provide an ideal macaque population in which to study the otherwise complex and polymorphic KIR region. Using the microsatellite panel, we screened a cohort of 274 MCM. We were able to identify 34 animals homozygous for the marker panel and use these to infer haplotypes. Analysis of the entire cohort revealed that eight common KIR haplotypes are present in MCM ( Fig. 2A) . The relative frequency of each haplotype varied, with the four most common haplotypes (K1, K2, K3, and K4) each present at a frequency of ϳ15%, followed by 10% for haplotypes K5 and ϳ5% each for K6, K7, and K8 (Fig. 2B) .
Next, we examined the cohort for associations between KIR or MHC haplotypes. First, we calculated the frequency of each KIR genotype (Fig. 2C) . Within the population, the most frequent KIR genotypes were K1/K3 and K1/K2 heterozygotes, comprising 7.7% and 7.3% of the population, respectively. The MHC genotypes have been previously published for this cohort (38, 47, 48) . We used Fisher's exact test to examine the association between each MHC haplotype and KIR haplotype; however, no tests were significant ( p Ͼ 0.05 in all cases, whether corrected for multiple testing by the Holmes procedure or not corrected). In contrast, we were able to identify statistically significant associations among the KIR haplotypes themselves. There was a significant deficiency of K1/K5 heterozygotes ( p Ͻ 0.05, corrected for multiple testing the by Holmes procedure). There was also a significant deficiency of K2/K3 heterozygotes ( p Ͻ 0.05, corrected for multiple testing). It is possible that our sample size was not large enough to identify associations between KIR and MHC haplotypes. However, the fact that we were able to identify associations among the KIR haplotypes suggests that unless the associations were very weak, we should have been able to detect them. The evolution of associations between KIR and MHC haplotypes requires population subdivision as seen in humans (49) . The 500 years following introduction of MCM to the island of Mauritius has been an insufficient time for population subdivision to occur, and genetic diversity may have been reduced due to a founder effect.
Within the MCM population, 13% of KIR haplotypes were recombinant. Of these, 86% could be explained by a single crossover event between two of the eight common haplotypes. We used the segregation patterns of microsatellite alleles in these recombinant haplotypes to infer their linear order on the chromosome. Virtually all of these simple recombination events occurred in the region between the centromeric and telomeric gene clusters, resulting in the centromeric end of one haplotype paired to the telomeric end of another. This finding is consistent with human data suggesting this region is a recombination hot spot (16) . In these recombinants, the microsatellite alleles derived from genomic contigs NW_001108469 and NW_001108471 segregate with the telomeric end of the KIR region. Any genes physically linked to these microsatellite markers should also reside in the telomeric end. Unfortunately, an insufficient number of recombination events were detected within the telomeric end of the KIR region to more finely map the relative position of these markers.
KIR gene content by haplotype
Next, we sought to characterize the gene content of each KIR haplotype. We PCR amplified, cloned, and sequenced full-length KIR cDNA transcripts from a minimum of three representative animals possessing each haplotype. For six haplotypes, K1 through K5 and K7, we were able to identify and clone KIR sequences from homozygous animals. For haplotypes K6 and K8, homozygotes were not available, so we selected heterozygotes and inferred the gene content of these haplotypes.
KIRs are classified by domain structure. In humans, KIRs contain either two Ig-like domains (KIR2D) or three Ig-like domains (KIR3D). In addition, KIRs contain either a long cytoplasmic tail (KIR3DL) or short cytoplasmic tail (KIR3DS). Previous work in macaques has identified the presence of KIR2DL and KIR3DL molecules (35, 36) . Although neither KIR2DS nor KIR3DS molecules have been identified in macaques, macaques do express a hydrid (KIR3DH). These molecules contain a cytoplasmic tail resembling human KIR2DL4 (36) . Macaques also express a single Ig domain (KIR1D) or KIR1D molecules. To differentiate species, cynomolgus macaque (Macaca fascicularis) KIRs are designated mfKIR, whereas rhesus macaque (Macaca mulatta) KIRs are designated mmKIR. Each novel MCM sequence has been assigned a temporary name. The KIR Nomenclature Committee is in the process of establishing a formal system for macaque KIR nomenclature. Once formal names have been assigned, this information will be available online through the Immuno Polymorphism Database (50). We found significant variability in the number of KIRs per haplotype, with each haplotype expressing between 3 and 8 KIR sequences (Table I ). In MCM, the most prevalent and diverse KIRs are the mfKIR3DL and mfKIR3DH molecules. Each MCM haplotype contains a minimum of two mfKIR3DL sequences, with K2 expressing six distinct mfKIR3DL sequences. KIR3DH sequences were present on six of the haplotypes, with a maximum of three per haplotype. Fig. 3 shows a phylogenetic tree constructed using full-length amino acid sequences from all MCM KIR3DL (Fig. 3A) and KIR3DH (Fig. 3B) molecules. The mfKIR3DL molecules fell into three lineages (Fig. 3) . These lineages have been named based on the closest published rhesus macaque homolog. The first group resembled mmKIR3DL1 (AF334616) and contains KIR3DL sequences from haplotypes K2 and K5. The second was most similar to mmKIR3DL2 (NM_001104553). KIRs from the second group were present on all MCM haplotypes except K1, K4, and K8 and there were two members of this group present in K5. The largest group was most similar to mmKIR3DL7 (AF334622). Most haplotypes contained two members of group 3, with the exception of K8, which contained three members and K3 and K6, each of which contained just one member of this group. Because most haplotypes contain multiple members from this group, we believe that this phylogenetic group represents two distinct loci. In haplotype K2, we detected a KIR3D sequence (EU419079) containing a 7nt deletion in the third Ig domain that results in a truncated molecule lacking both transmembrane and intracellular domains. Its extracellular domain shared 96.4% nucleotide identity with mmKIR3DL7 and we hypothesize it is a member of this group.
In the phylogenetic analysis of KIR3DH sequences, there were no clearly differentiated groups, making it difficult to identify potential distinct loci. All haplotypes except K3 contained at least one KIR3DH sequence, with three KIR3DH sequences expressed by haplotype K5. Two of the KIR3DH sequences from K5, mfKIRnew20 (EU419097) and mfKIRnew21 (EU419098), were significantly divergent from the other mfKIR3DH sequences. Of these, mfKIRnew20 shares greater similarity (95.4%) within its extracellular domain to mfKIR3DL1 molecules than to other mfKIR3DH molecules.
As compared with mfKIR3DL/H molecules, mfKIR1D and mfKIR2D were less polymorphic and prevalent within MCM haplotypes. mfKIR1D sequences were detected in haplotypes K1, K2, and K3. The sequences from K1 and K2 are Ͼ97% similar on the amino acid level to one another. These sequences are highly similar to rhesus macaque mmKIR1D molecules and each share Ͼ96% amino acid identity with mmKIR1D splice variant 6 (AF334640). A novel KIR lacking any Ig-like domains was detected in haplotype K3. Although it lacks Ig domains, it shares high sequence similarity to mfKIR1D and is presumably yet another mfKIR1D splice variant.
We identified KIR2DL molecules on three haplotypes: K1, K4, and K7. Based on amino acid sequence, these KIRs resemble either mmKIR2DL4 (K1 and K4) or mmKIR2DL5 (K7). The mfKIR2DL4 molecules are Ͼ98% identical to the amino acid level with one another and share Ͼ98% amino acid similarity to the rhesus macaque sequence mmKIR2DL4.2 (AF334645). A KIR2DL5 molecule was detected in haplotype K7. This sequence was 97% identical to the amino acid level to the rhesus macaque sequence mmKIR2DL5.1 (AF334646). In the same haplotype, we detected a KIR3D sequence identical to mfKIR2DL5 with the exception that it contained an additional Ig domain (accession no. EU419107). Similar findings have been reported in rhesus macaques with mmKIR2DL5/mmKIR3DL20 and it is likely these are alternatively spliced transcripts from the same locus. The KIR2DL5/KIR3DL20 locus has been speculated to represent an evolutionary intermediate between KIR2DL and KIR3DL genes (35) . Because the KIR3DL version of this transcript lacks a stop codon with the region sequenced, we hypothesize that this variant is nonfunctional and have classified the pair as a KIR2DL molecule. 
Order of KIR loci
Using segregation analysis, we previously defined the relative order of microsatellite markers. The majority of these microsatellites are located within KIR introns, primarily intron 4. By determining the KIR sequences physically linked to these microsatellite alleles, the segregation patterns of microsatellite alleles in recombinant haplotypes can be used to determine the relative positions of KIR genes. To accomplish this, we cloned and sequenced genomic DNA amplicons containing KIR intron 4 as well as the flanking exons, which encode Ig domains D1 and D2. For each genomic DNA amplicon, we used the sequence of the exons to identify the corresponding cDNA transcript. Next, we examined the intron sequence for sites recognized by any of the microsatellite primers and calculated the size of the predicted PCR product. These values were compared with the microsatellite alleles we determined experimentally. A complete summary of the microsatellite alleles and their linked KIR transcripts is shown in supplemental Table II.   4 Although the corresponding microsatellite was not identified for all KIR sequences, in most cases we were able to determine whether the sequence was linked to a microsatellite located at either the telomeric or centromeric end of the region. Of the KIR3D sequences we detected, only KIR2DL5/KIR3DL20 (EU419108/ EU419107) was linked to a marker located at the centromeric end (Table II) . All other detected KIR3D sequences were linked to a microsatellite in the telomeric region.
In several cases, we identified a genomic DNA fragment with exons that did not match any transcripts identified in that haplotype. We believe these represent pseudogenes, although it is possible that the corresponding transcripts were not detected due to low expression or primer selectivity.
A model for MCM KIR haplotypes
By comparing the gene content of the MCM KIR haplotypes, we constructed a model of MCM KIR genomic organization (Fig. 4) . Unlike human KIRs, it appears the majority of macaque KIRs are located in the telomeric end of the region, where significant expansion of KIR3D loci has occurred. We defined four putative KIR3DL loci: KIR3DL1, KIR3DL2, KIR3DL7A, and KIR3DL7B along with one putative KIR3DH locus. These loci have been named based on the closest rhesus macaque homolog. Interestingly, haplotype K5 appears to have undergone a major duplication and contains two copies of every locus at the telomeric end of the region, with the exception that it lacks KIR3DL7B. The centromeric end of the region is comparatively gene poor, with only two loci detected: KIR2DL5/3DL20 and KIR1D.
Comparison with rhesus macaque KIRs
Using the framework defined in MCM, we analyzed all published rhesus macaque KIR3DL sequences. A phylogenetic tree constructed using full-length amino acid sequence is shown in Fig. 5 . MCM sequences are highlighted in gray. Rhesus macaque sequences are labeled with both GenBank ID and sequence name under which they were published. There is significant redundancy among these names, which highlights the need to establish a formal system of classification for macaque KIRs.
There were four well-defined phylogenetic groups (Fig. 5 , vertical bar). Two corresponded to groups defined in MCM, KIR3DL1 and KIR3DL2, and contained both MCM and rhesus sequences. There were also two groups present in rhesus macaques, but absent from MCM: KIR3DL8 and KIR3DL10. The absence of these groups in MCM could be due to species differences or result from the founder effect in the Mauritian population. The remaining macaque KIR3DL molecules did not form a welldefined phylogenetic group. These include those sequence defined as KIR3DL7 in MCM. It should be noted that KIR3DL7 was the most diverse of MCM KIR3DL groups. Given the data from MCM, we speculate that these sequences represent at least two loci. However, it is difficult to draw conclusions because only a single rhesus macaque haplotype has been characterized.
Discussion
Our results fundamentally advance understanding of KIR genetics in macaques. In this study, we characterize eight complete KIR haplotypes from MCM. The limited genetic diversity of this population creates several advantages for the study of KIRs. Unlike normal outbred populations, it is feasible to identify subjects homozygous throughout the KIR region. This identification provides a simplified system in which to describe KIR genetics, which can then be applied to broader macaque populations. MCM are also an extremely powerful model for the study of genetics in disease pathogenesis. We demonstrate that eight KIR haplotypes account for virtually all KIR genetic diversity in MCM. We characterized the gene content of each haplotype, identifying a total of 40 novel KIR cDNA sequences. This nearly doubles the number of published macaque KIRs. A key feature of this study is that we characterized the gene content of complete haplotypes, rather than isolated cDNA sequences. By comparing the gene content of these haplotypes, we created a model for MCM KIR genomic organization, defining four presumptive KIR3DL loci, one KIR3DH, one KIR1D, and two KIR2DL. Using this framework, we analyzed KIR3DL sequences from rhesus macaques. Rhesus macaque KIR3DL molecules fall into four well-defined groups, two of which are not present in MCM. The remaining sequences do not form a highly similar phylogenetic group. This is unlike human KIR3DL organization, in which three loci exist, and the alleles of each locus are highly similar to one another (11) . The distinct HLA/MHC class I organization between humans and macaques may at least partially explain these differences. Humans encode three classical HLA class I loci: HLA-A, HLA-B, and HLA-C. Macaques have a significantly more complex MHC organization, containing multiple duplications of the MHC class IA and MHC class IB loci (51, 52) . In humans, KIR3DL molecules interact with HLA-A and HLA-B molecules. Given the evidence for co-evolution of KIR with MHC class I, the expansion of macaque KIR3DL loci would be expected.
There are still many questions about macaque KIR biology that need to be addressed. We have presented a reasonable model for macaque genomic organization with the data available. As additional sequence data becomes available, this model may be refined. Although we demonstrate that our findings offer insight into rhesus macaque KIR organization, it is important to note that due to the rapid evolution of the KIR region, it is likely there will be significant differences between macaque species. This evolution should be taken into consideration when applying any genotyping technique across species. For these reasons, it will be essential to characterize additional KIR haplotypes and alleles from multiple species, either by sequencing or segregation analysis. Because rhesus macaques are commonly used in biomedical research, this species should be a priority. However, studies should be conducted in additional species such as pigtail macaques and cynomolgus macaques from outbred populations. In addition to genetic characterization, it will be essential to identify the ligands of macaque KIRs.
The KIR genetics of outbred macaque populations will require additional studies to unravel. Because disease models such as SIV/ AIDS have significant investments in rhesus macaques, work should be conducted to understand KIR genetics in these animals. However, KIR biologists may consider alternate macaque populations. We have identified virtually all KIR and MHC class I molecules expressed within the entire MCM population. By virtue of their reduced genetic complexity, MCM provide a powerful model to study the role of genetics in disease pathogenesis. KIR signaling is influenced by the entire KIR/MHC genotype of the host. Subtle differences in KIR genotype including allelic variability and differences in regulatory elements can also modulate KIR function (20) . Unlike virtually any other primate model, cohorts of MCM can be created that are completely KIR or MHC identical. This reduction in genetic variability creates significant advantages for the study of KIRs in disease pathogenesis. For example, NK activity can be compared between MCM with distinct KIR genotypes but identical MHC class I genetics. The KIR/MHC haplotypes could be selected to address questions such as whether an increased number of activating KIRs promotes disease protection or to test the protective capacity of specific KIR/MHC pairs. This novel model removes a major obstacle hindering the study of KIR function and creates opportunity for significant advancement in the understanding of KIRs in disease.
